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Abstract

The EPA has classified Baton Rouge as a non-attainment area for ozone
pollution for many years. Since then Photochemical Assessment Monitoring
Stations (PAMS) and other ozone monitoring stations around the metropolitan
area have monitored for ozone, NOx, and more than 50 volatile organic
compounds (VOCs) which are considered precursors to ozone pollution.
Traditionally, automobile engines and industrial plants and refineries have been
blamed as major point sources for VOC emissions and the ozone pollution they
cause. This research focuses on another possible point source for failing ozone
levels at one of the ozone monitoring stations located on the campus of
Louisiana State University. Gas Chromatograph and Mass Spectrometer
analyses of newly poured asphalt surfaces near the monitoring station revealed a
silicone “marker” compound that can be used to trace highly reactive VOCs that
react almost instantly when exposed to sunlight. This marker and several
species of alkenes boil out of new asphalt when heated to construction
temperatures and in harsh environmental conditions. Enough of these chemicals
are released to perhaps significantly effect the production of ozone in the lower
atmosphere.
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Introduction
The United States Environmental Protection Agency has classified Baton
Rouge as an ozone non-attainment area for the guidelines established in 1990
since 1993. In 2004 the EPA began an effort aimed at requiring that all unleaded
fuel sold in the Baton Rouge metropolitan area contain ethanol additives to
reduce vehicle emissions. This action by the EPA resulted in much controversy
over the actual source of volatile organic compounds (VOCs), nitrous oxides
(NOx) and ozone. Even for the brief time with the new gasohol requirements,
Baton Rouge continued to violate the ambient air standards for ozone during the
peak ozone producing months of the summer. The city-parish government and
the state of Louisiana have pointed to heavy industry as the possible source of
the ozone precursors, suggesting that additional ozone monitoring stations be
placed inside the area’s large industrial sites.
The Louisiana Department of Environmental Quality currently operates
eleven ozone monitoring stations in the Baton Rouge area. This research will
focus on one of these eleven stations. The LSU monitoring station is located at
the north end of the main campus at Louisiana State University. In 2004 the LSU
station recorded failing the eight-hour average of 80 ppm ozone 3 times during
the months of August and September. One of failing days also exceeded the
one-hour limit. Within the sampling radius of this station there are several sites
targeted as possible causes of the failures including the CPS Copolymer plant,
Shaw Fabrications Plant, and the LSU incineration plant. There are also several
gas stations in the immediate vicinity.
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The purpose of this research was to determine the origins of the majority
of ambient VOCs detected at the LSU monitoring station during the August and
September period of 2004. A preliminary study was conducted to determine
whether they were being emitted from an industrial point source, or if personal
vehicles were the source of most of the ambient VOCs. Since the Louisiana
DEQ was targeting both of these sources as primary sources, this research
focused on the failing station in the low industrial area of LSU to help determine
which was the primary culprit. Initial findings showed that the greatest amount of
constant VOCs came from neither of these alleged sources. Samples taken from
sites closer to nearby industrial plants revealed VOC levels that were lower than
the samples taken downwind and further away from the plants. Simply put, the
VOCs were more concentrated around the LSU monitoring station than they
were around the plants. After testing the VOCs from the LSU samples it was
determined that the majority of the found volatiles were also not any of the VOCs
commonly associated with pollution from gasoline combustion, ruling out
personal vehicles from school traffic as the major source. Instead, the volatiles
detected near the LSU monitoring station were at highest levels in areas where
parking lots and roads had recently been repaved with asphalt. Even though it is
a by-product of distilled crude oil, asphalt surface paving has not previously been
investigated as a potential source for VOC contamination contributing to ozone
formation.
Gas chromatograph analysis of asphalt headspace samples revealed
asphalt to be a source of ethene, propene, and hexene as well as large amounts
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of other hydrocarbons. Ethene, propene, and hexene are included in the reactive
alkene series of hydrocarbons. The Louisiana Department of Environmental
Quality has determined that the alkene series of hydrocarbons are priority
precursor contributors to ozone formation. During the summer of 2004 new
parking lots were constructed around the LSU monitoring station and city streets
and existing parking areas were repaved with asphalt inside the LSU campus.
The parking lots areas inside the LSU campus alone included about .038 square
kilometers of exposed new asphalt surfaces. Since this new asphalt was heated
to high temperatures for application, VOC emissions from new parking areas are
likely a major point source for ozone precursors. Furthermore, this research
shows that newly applied asphalt may continue to release VOCs for several
months after the initial pour, making asphalt a very important factor to consider
when testing for ozone precursors.
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Literature Review
Ozone Formation in the Upper and Lower Atmosphere
Ozone formation is generally a photochemical reaction. In the
stratosphere ultraviolet radiation in sunlight adds energy to a stable two-atom
oxygen molecule, causing the bonds to break. This results in two unbound
oxygen atoms with a free electron each. If one of these freed oxygen atoms
encounters a standard oxygen molecule, it may bind to produce a molecule with
three oxygen atoms. This molecule is ozone (O3) (NASA). The majority of
ozone production in the troposphere however, occurs when sunlight reacts with
NOx and VOCs in a photochemical reaction (NOAA 2001). Other byproducts are
also produced depending upon the chemical species of both NOx and VOCs
involved in the reaction. There are roughly about 120 species of NOx and VOCs
that can be involved in this reaction (Finlayson-Pitts 1999). The byproducts of
the ozone production reaction are dependent on the individual NOx and VOC
species that react.
This ozone reaction is dependent upon many other factors. VOCs are a
major contributing factor to ozone production. Lowering VOC levels can help to
limit ozone production in the troposphere. However, the concentration amounts
of the reactants are not as important the ratios of the chemicals that are involved
in the process. NOx can be a limiter if concentrations are too small or if the
concentrations are too high. The efficiency of ozone production falls if the ratio of
NOx is much greater than the amount of VOCs present (Finlayson-Pitts 1999).
This ratio can be represented as a Bell Curve with NOx on the X-axis and ozone
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production on the Y-axis (NASA). If the NOx concentrations are too high, the
ozone produce will begin reacting with NO causing the NOx to become saturated
and non reactive. Ozone production from VOCs will cease due to a lack of
reactive NOx.
According to Cetin (2003), volatile organic compounds are at their highest
concentration in the summer and at their second highest concentration during the
fall. Temperature and wind account for 66% of the variation of VOCs from point
sources. High temperatures and light variable wind speeds can increase ozone
concentrations from a point source. Wind direction can move concentrations
around, making them more difficult to detect. Meteorological variables are
consistent throughout different measuring models. The location of the individual
air monitoring station is therefore an important variable to consider when
monitoring for ozone contributing VOCs (Chhikara 2003).
Effects of Ozone in the Lower Atmosphere
According to Sillman (2003) pre-industrial levels of naturally occurring
background ozone in the lower atmosphere were around 10 to 20 ppb. Ozone
itself has been measured at least since 1876, and post-industrial ozone levels
have been seen to increase to around 30 to 40 ppb in rather remote areas of the
world. This level is a far cry from the naturally occurring 15,000 ppb ozone in the
stratosphere (Sillman 1999), but it must be remembered that the effects of ozone
in the lower atmosphere are very different since we have to breathe it. The
Environmental Protection Agency sets a limit of 120 ppb ozone over a one-hour
span or an 80 ppb average over an eight-hour period before a violation is
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registered. An increase of 60 ppb added to the natural background levels can
push an area over the edge and into exceedence levels for ozone. The only
know source of this tropospheric ozone is the photochemical reaction between
VOCs and NOx.
Photochemical air pollution was first identified as an impact on health in
Los Angeles during the 1940’s (Finlayson-Pitts). In Dhaka City, Bangladesh
15,000 deaths and a million cases of major illness have been attributed to air
pollution, according to the World Bank. In a city not known for heavy industry,
the primary source for the smog problems in the area have been attributed to the
presence of 60,000 two-stroke engine autorickshaws (Hussam 2002). According
to Tsai (2003) older model two-stroke engines produce up to 15 times the
amount of VOC emissions than newer four-stroke models. In agriculture, acute
exposure can damage plants and chronic exposure of average levels can reduce
crop output (Lagzi 2004).
VOCs and Ozone in Cities and Rural Areas
Ozone pollution and its precursors are a problem throughout the
industrialized world. In 1997 Athens, Greece registered ozone levels between
110 and 120 ppb. The assumed causes of these levels were “industrial,
transport and service activities” (Flocas 2003). Even Australian cities have
concerns about VOCs. In Eagle Farm, an industrialized area of Brisbane,
vehicles and industry are considered major point sources for VOCs, with
petrochemical evaporations being a primary contributor. This pollution is not only
contained within densely urban areas. High levels of ozone can often be found in
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suburban areas where winds can carry ozone pollution as far as 300 miles from a
source (Sillman 2003).
The Americas also have had problems with VOCs and the ozone they
produce. Mexico City, Mexico has fairly high VOC levels. From 1992 through
2001, VOC concentrations in Mexico City have decreased even with an increase
in population, vehicles and energy consumption. Even with this decrease, in
2001, the maximum concentration of VOCs measured within the city was 5360
ppb (Arriaga-Colina, 2004). Tubarao and Capivari de Baixo in southern Brazil
suffer from having VOC levels that are on par with Beijing, China, where the
general population of over 7 million uses coal-burning ovens for heating and
cooking. Only four coal burning power plants are located near the areas
sampled in Brazil (Moreira dos Santos 2003).
In the United States, ozone is a concern from heavily urbanized and
industrial areas to rural and forested regions. The Houston area has a high
concentration of industrial point sources and vehicular emissions. The industrial
sources for VOCs consist of mainly petrochemical plants and synthetic
manufacturing plants. In a two-day period from August 30 to September 1,
2000, 29 ozone monitoring stations reported levels above 120 ppb ozone, and
seven of those stations reported levels above 160 ppb ozone (Jiang 2004). For
weekdays in June and August 1999, two monitoring stations reported a mean of
over 300 ppb total non-methane volatile organic compounds (Sather 2000). In
the Los Angeles metro area, ozone levels have dropped over four fold in the last
20 years. Using today’s national standards, out of 16 monitoring stations
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throughout the 1980’s, ozone violations numbered above 1200, with the only
exception being 1982 in which violations numbered between 900 and 1200. This
number was gradually reduced until 1997 when ozone violations numbered
below 300 (Qin 2004). Forested areas even have their own measurable ozone
concerns. In the summers of 1995, 1996, and 1997 Shenandoah National Park,
Great Smoky Mountains National park and Mammoth Cave National Park
observed ozone levels recorded as high as 90 ppb ozone. The VOCs for the
photochemical reactions in this area are attributed to both human activities and
naturally occurring biogenic emissions from plants (Kang 2004).
VOC Production and Ozone Production in Baton Rouge
In 1990, the Clean Air Act was amended to require monitoring for ozone
and its precursors in ozone pollution areas. Ozone pollution areas are defined as
those that exceed the one-hour National Ambient Air Quality Standards of 120
parts per billion (ppb) ozone or the 8-hour average of 80 ppb ozone in the
localized atmosphere. Even before the standards were raised by the
amendments, the Baton Rouge 5-Parish Area was labeled a serious one-hour
non-attainment area from the original status values of 160 ppb to 180 ppb.
Monitoring includes Photochemical Assessment Monitoring Stations (PAMS) to
measure the ambient level of ozone and its precursors. The precursors include
over 50 VOCs, NOx, and meteorological data (Sather 1997). Measurements are
made in one-hour and eight-hour high standards. The one-hour definition is “the
fourth largest daily one-hour ozone maximum in a three year period, calculated
per monitoring site with the highest area site producing the area design value”
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and the eight-hour is “the three year average of the annual fourth highest daily
eight-hour ozone maximum…produced by the highest monitoring site”. The onehour design is used with complete data, while the eight-hour uses nearly
complete data (Sather 2000). By 1996 the original PAMS network in the Baton
Rouge 5-Parish Area included the Bayou Plaquemine site, the Capitol site and
the Pride monitoring site. The Capitol station in East Baton Rouge Parish (EBR)
was the primary ozone precursor site with the Bayou Plaquemine in Iberville
Parish and Pride in EBR stations acting as upwind and downwind monitoring
sites. According to the Louisiana Department of Environmental Quality,
additional ozone monitoring sites also exist around the area. These do not
monitor as broadly as the original PAMS and are located in Baker and Louisiana
State University in EBR, Carville and Grosse Tere in Iberville Parish, Port Allen in
West Baton Rouge Parish, Dutchtown in Ascension Parish and French
Settlement in Livingston Parish. These sites test primarily for ozone levels and
do not necessarily monitor for the precursors or other associated air pollutants
(ie: NOx, SOx, CO, carbonyls or VOCs).
In the Baton Rouge area, the PAMS sites use polished stainless steel
canisters and Sep-Pak cartridges to collect samples. The canisters are then
processed using gas chromatography (GC) with two flame ionization detectors
(FID). The Sep-Pak cartridges are processed with high performance liquid
chromatography (HPLC). The GC/FID looks for overall VOCs in the ambient air.
This is generally accepted to include over 50 different VOC species. The HPLC
looks for three specific carbonyls: formaldehyde, acetaldehyde and acetone.

9

Asphalt as a Source of Ozone Pollution
Asphalt itself is a “distillation product of crude oil”(Hooiveld 2002)
containing aromatic hydrocarbons and aliphatic paraffinic (Ma 2002). Besides
containing the oil derivative, the Louisiana Asphalt Pavement Association
specifies several additives to be included in asphalt to be used in paving
surfaces. Silicone, anti-strip compounds and hydrated lime are to be included in
specific quantities depending upon the specific requirements needed for a
specific area. Along with those additives, additional aggregates are to be mixed
in to provide sufficient friction ratings. These aggregates are generally reclaimed
asphalt pavement, gravel, slag, stone, and recycled portland cement concrete.
The actual quantities and minerals used are decided upon by the persons or
group requesting an asphalt surface and the qualified individuals whom are
pouring the surface. Before this semi-solid mixture is constructed into a surface,
a liquid asphalt tack coat is applied to the surface that is to be paved. This acts
as a priming coat to insure adhesion between the existing surface and the
asphalt.
Even though asphalt is a petroleum byproduct, little or no research has
been done to show that the VOCs released from this mixture can be a source for
ozone precursors. Research has been conducted to examine the health effects
of VOCs released from asphalt, but the asphalt has not been identified as a point
emission source for VOCs contributing to ozone formation.
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Health Effects of Asphalt
Aside from the harms caused by ozone pollution, asphalt has many
adverse effects on its own. While there are several types of this material used,
when heated all types produce similar fumes (Calzavara, 2003). It is generally
composed of aliphatic paraffinic hydrocarbons and polycyclic aromatic
hydrocarbons (PAHs) including heteroatomic compounds (MA 2002). One of the
more infamous PAHs included in asphalt is benzo(a)pyrene. Research studies
have found this compound to be a carcinogen; it has also been linked to
atherosclerosis, and altered reproductive status (Klaassen 1996). Karakaya
(2004) found that exposure of workers to PAHs produced during the incomplete
combustion of asphalt, may cause reduced levels of T-lymphocytes and may
reduce the cellular activity in natural killer cells. Zhao (2004) found that the
damage caused by road asphalt fumes is not due to the PAHs themselves, but
cytochrome P450 isozymes break down these compounds into metabolites that
then covalently bind to DNA causing mutation, adduct formation and
carcinogenesis. Whether road asphalt produces chemical fumes at a harmful
level is disputed. Most human studies conclude these fumes may produce
adverse health effects. Exposure to roofing asphalt has more measurable effects
since it is heated to 230 degrees C before being poured. When identified for
these studies, road asphalt was heated to 130 degrees C for pouring (Szaniszlo
2001, Hooiveld 2002, Burstyn 2003, Karakaya 2004).
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Materials and Methods
All initial air samples were analyzed using an Analytical Specialist Inc.
(ASI) production beta Microfast Gas Chromatograph. This machine consists of
an incorporated air sample magnification trap, dual columns and duel flame
ionization detectors (FID). The two columns in use were a two meter long Agilent
GS-Q and a two meter long Agilent GS-GasPro. The Agilent GS-Q uses a
polystyrene-divinyl benzene stationary phase. Its primary application use is for
detection of hydrocarbons under C12. The Agilent website lists some concerns
regarding quantitative uses for polar compounds. The Agilent GS-GasPro is a
proprietary phase based on bonded silica. Agilent lists eight typical usage
applications for this column. Like the GS-Q, the GasPro is selective for
hydrocarbons up to C12, but it also separates sulfurs, halocarbons, hydrides and
inorganics. The GC method included the following parameters:
Injection time
Injector temp
Detector temp
Trap desorb temp
Trap ready temp
Preheat time
Clean out time
Initial column pressure
Final column pressure
Pressure program
Initial column temp
Final column temp
Column heating rate
Initial hold time
Final hold time
Acquisition time

5000 milli sec
30° C
150° C
300° C
30° C
17 sec
120 sec
10 psi
10 psi
0 psi/sec
35° C
260° C
5° C/sec and 1° C/sec*
5 sec
10 sec
60 sec and 240 sec*

*early samples were run with a column heating rate of 5° C/sec and a
acquisition time of 60 sec
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Closed BOC cylinders provided both air and hydrogen for the Microfast
GC. Pre-made 100ppb concentration C2-C6 standards were run after the GC
was ignited and before any samples were run. These standards were also run
occasionally in between samples to inspect for baseline shift. Blank runs were
also used in between samples and standards to account for trap and column
cleanliness and for random artifact. This GC was an experimental unit, and
occasional artifact could be found after prescribed maintenance. All sample and
standards were injected at a volume of 10 ml before being magnified
approximately 10,000 times in the sample concentrator trap.
Air samples for analysis were collected near the ozone monitoring station
at LSU on Aster street in the Kirby Smith parking lot. Samples were collected 1.2
meters from the ground with 20 ml all glass gas syringes with locking Teflon tips.
Wind direction was noted from the LSU ozone station, and sampling points were
chosen. Reciprocal wind direction, ongoing construction and previous sample
points were given weight when areas were chosen for examination. A civilian
grade GPS (Magellan 315) was used to insure positive locations for sample logs.
After localized air was collected, the syringe was then placed in a .5 mm Cordova
nylon bag to avoid photochemical reactions from taking place while sample was
in route. Air samples were transported and analyzed in under one hour from
collection. Transportation was provided by bicycle to insure that the sampler did
not falsely contribute VOCs to the local air.
Mobile GC sampling was conducted on September 30,2004. A Microfast
was secured inside a 1999 Ford station wagon. The only change from the
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laboratory method was an increase in initial trap heating temperature from 30° C
to 35° C. External heat did not allow rapid cooling below this new trap
temperature. An auto sampling pump was connected to the injection port. This
was hooked up to the internal electronics of the Microfast so that when a run
began, the external pump would take in sample and then block the port off when
10 ml of sample was collected. An 20 cm Teflon tube extended outside the
vehicle, opposite of the car’s exhaust, and isolated from the Ford’s interior air.
This position was about 1.2 meters from the ground, 3cm from the surface of the
car and six feet from the opposing exhaust with the body of the vehicle in
between. An ASI GC Porta-Pack was used to provide hydrogen from an
enclosed cylinder, filtered air from the car’s interior, and direct current. A twocylinder Honda generator was used as the alternating current power source for
the Porta-Pack. This engine was secured in the rear of the vehicle. Generator
exhaust was diverted outside the cars interior with an attached exhaust pipe
which allowed the Honda’s fumes to be released about two feet above the Ford’s
point emission source.
For headspace analysis of asphalt volatiles, samples needed to be
collected from public road and parking areas. This was accomplished by cutting
segments from the edges of solid road or lots. A heavy iron cutting implement
was employed to help free one ounce samples from the asphalt areas. Sample
segments were then placed within a cleaned 4-gram Nalgene glass sample jar
with Teflon septa between the cap and jar. For chemical analysis, sample jars
were heated to 180, 130, 90 and 40 degrees C. The cap and Teflon septa when
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heated were weak enough to be punctured with a side port 22-gauge syringe
needle. This created an airtight seal around the needle. 10 ml of headspace
was then collected with a 20 ml gas tight syringe. No air was added to the jar
when headspace was collected. After the sample was collected and syringe
removed, the vacuum was allowed to return to atmospheric pressure. This
sampling port was then sealed with a section of Teflon tape secured with heat
resistant fiberglass tape. Samples analyzed with the Microfast were then
weakened to 1/10th concentration to avoid super saturation of the GC column and
trap.
Asphalt headspace samples were also run through a Hewlett Packard
5890/5972 and 5890/5971 GC/MS. A 15 m Agilent GS-GasPro column was
used as the chemical separating component. The carrier gas was helium from a
contained BOC tank. The 5890 method included the following variables:
Inlet initial temperature
Inlet temperature rate
Inlet final temperature
Initial pressure
Pressure rate
Final pressure
Injector temperature
Detector temperature
Initial oven temperature
Initial oven time
Oven heating rate
Final oven temperature
Final oven time
Acquisition time

250° C
0° C
250° C
21 kPa
0 kPa/min
21 kPa
250° C
280° C
40° C
2 min
6° C/min
260° C
15 min
53.67min

The 5972 and 5971 mass spectrometers were run in both scan and SIM
acquisition modes. Before running samples, the MS’s were either auto tuned or
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manually tuned to asses leakage and electron multiplier function. A 2 ml alkane
standard of 100 ppm C4 through C9 was also run before any samples were put
through the GC/MS. This helped determine sensitivity and provided reference
points for samples.
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Results
This project primarily took place in August and September of 2004. These
months are in the primary ozone producing period that occurs at the end of
summer when temperatures are at their highest. The fall semester also begins at
LSU at this time, increasing the amount of vehicle traffic in the area.
When reviewing the literature on factors that influence ozone production, it
became clear that precipitation is the most influential factor affecting ozone
levels. Rain events act as an air shed cleaner, removing particles and other
chemicals from the atmosphere. Lack of strong sunlight and the absence of
precursors during an unfavorable weather event caused ozone to not be formed.
Precipitation figures were obtained from the Southern Regional Climate Center
and ozone records for the LSU monitoring station during August and September
were obtained from the Louisiana Department of Environmental Quality. A
comparison of ozone levels at the LSU monitoring station with precipitation levels
in the area showed that Baton Rouge precipitation levels had an effect on ozone
levels. On precipitation days ozone levels appear to drop and stay lower for
subsequent days before gradually rising again, as shown in Table 1, Figure 1,
and Figure 2. Preceding and following several of these events, cloud cover
blocked the penetration of intense sunlight from reaching the lower troposphere,
resulting in lower temperatures and reduced VOC NOx reaction to form ozone.
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Table 1: Ozone measurements from the LSU monitoring station. Data from
Louisiana Department of Environmental Quality.

August
Ozone max
peak

Day
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

September
Ozone max
peak

Ozone daily
average
67
57
73
98
75
51
73
62
43
68
91
46
47
47
58
71
111
94
44
26
45
33
14
24
36
32
74
93
66
51
77

30
26
32
49
48
38
50
45
27
31
47
31
37
35
43
43
55
44
28
13
20
16
16
9
18
14
16
22
35
27
26
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Ozone daily
average
68
79
47
44
57
47
61
86
87
71
67
33
36
37
28
41
96
72
59
56
47
45
36
48
74
67
72
104
149
80

35
37
15
15
29
27
30
43
42
33
36
18
19
20
18
19
29
41
39
39
32
32
26
30
42
49
46
47
62
53

Figure 1: August ozone levels with precipitation events marked with black points.

Figure 2: September ozone levels with precipitation events marked with black
points.
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Other meteorological effects on the VOC emission from new asphalt
included wind conditions. Liquid asphalt tack coating was sprayed on August 17
and asphalt surface application began on August 18. A northerly wind passed
over freshly poured asphalt surfaces on these days, concentrating VOCs in the
area of the LSU station. Rain on August 19 prevented the ozone levels from
rising from the initial pour for the rest of the week. Asphalt was poured in another
area west of the LSU station on September 1-3. During this period
meteorological conditions prevented VOCs from concentrating at the monitoring
station. Asphalt was poured during rain events on the second and third days in
preparation of parking areas for the first home football game of Louisiana State
University’s season. Precipitation helped to prevent an ozone levels from spiking
from the asphalt pour. In addition a westerly wind concentrated remaining VOCs
away from the monitoring station.
In a statistical experiment using ozone data collected by Louisiana
Department of Environmental Quality, one hundred and two days were analyzed
for ozone content. Fifty-one days were looked at before any new asphalt
construction and fifty-one days were looked at after new asphalt construction. All
of these data collection days were within the ozone sensitive season. The
overall ozone average for each day was taken from 0000 to 2400 (midnight to
midnight) each day. The maximum ozone level was defined as the highest
ozone level recorded in a given hour on a given day.
One-way ANOVA tests were conducted to test the significance of the
previously mentioned variables. Results were significant when examining the
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effects of asphalt on the maximum ozone level observed per day, F
(101)=58.641, p<.001. There was an increase in the ozone level of 106.3% after
new asphalt roads were introduced into the study area. Results were significant
when examining the effects of asphalt on the average ozone level observed per
day, F (101)=18.459, p<.001. The average daily ozone level increased by 31.8%
after asphalt surfacing was poured.
Gas chromatograph data of localized air showed peaks indicating the
presence of volatile organic chemicals in the areas around the LSU station where
asphalt had recently been poured. When testing with a GS-GasPro column two
peaks were revealed at 193 seconds and 199 seconds. With a GS-Q column the
same chemical peaks appeared at 60 seconds and 109 seconds. The smaller of
the two peaks occurred in levels too low to be useful for identification purposes.
These chromatographs are shown in Figures 3 and 4. These chemicals were
found in large quantities surrounding new asphalt surfaces. It appeared to be
non reactive in heavy sunlight, because on days in which other VOCs already
reacted with light, this chemical was detected in the chromatograph data.
Terrestrial air samples containing this marker compound were then
analyzed using a HP 5890 GC with a fifteen meter GS-gaspro column using a HP
5972 mass spectrometer (MS). This chemical was determined to be a silicon
containing light volatile compounds. Figure 5 shows the ion spectrum of this
chemical peak. This peak is not simply the result of septum deterioration.
Blanks before and prior to the running of these samples show no evidence of
silicone

21

Figure 3: Chromatogram showing detected VOCs from new asphalt areas on a
GS-GasPro column.

Figure 4: Chromatogram showing detected VOCs from new asphalt areas on a
GS-Q column.
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contamination. Since road asphalt contains a generous quantity of
aggregate silicone and isolated headspace samples of asphalt contain this non
reactive silicone peak, it was determined that this chemical peak could indeed be
used to find where highly reactive VOC’s have evaporated out of the road
surface. In subsequent tests the presence of this larger volatile peak was used
as a chemical marker to indicate the presence of other more reactive VOCs.
On August 18, 2004 the chemical tracer seen in Figure 4 was found in the
vicinity of the LSU ozone monitoring station. There was a northeast bearing wind
and the temperature was 33 degrees C. This wind passed over the X166 and
North Kirby Smith parking lots where fresh asphalt was being poured. The tracer
silicone peak was found in large quantities in every sample north of lot X166.
Immediately south of this area, the tracer peak analysis showed that the tracer
peak greatly diminished. Figures 6 and 7 show the levels of the marker
compound and sample plot distances from the ozone monitoring station. About
.02841 square kilometers of fresh asphalt were poured on this day. Along with
this dominant peak, smaller amounts of VOCs from engine exhaust were also
detected. Map 1 gives an overview of the sampling area with plots and
construction areas noted. Figures 8 through 13 show chromatograms
corresponding with the labeled sampling points on Map 1.
Headspace analysis of asphalt was conducted to identify the volatiles
released from the mixture. When samples were heated to 130 degrees C in a
closed analysis jar away from sunlight and the atmosphere, numerous volatile
peaks appeared, including the peak identified as a marker compound. The peaks
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seen in Figure 14 are from a road asphalt sample poured one day before
collecting. Figure 15 shows the chromatogram from asphalt poured on August
18 near the LSU monitoring station. This sample was collected two months later
in October, and was heated to 40 degrees C for vapor collection. When
analyzed, the same peaks appeared, but with less intensity. In an attempt to
identify peaks found in the asphalt sample, an alkene standard from an enclosed
BOC tank was run on the Microfast GC and compared to the chromatograph of
the asphalt headspace, Figure 16. Many of the peaks in the asphalt headspace
were identified as members of the alkene series of hydrocarbons. This family of
hydrocarbons has been identified by the EPA as a precursor to ozone production
in the troposphere. Two months in weathering condition, and preparations near
environmental temperatures did not deter the production of procursor VOC’s.

Figure 5: Ion scan of chemical peak occurring in Figures 4 and 6
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Figure 6: Levels of GS-Q peak 60 at sample plots 1-6

Figure 7: Sample plot distance in km from the LSU ozone monitoring station.
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Map 1: Overview of sampling area with sample plots numbered and marked with
yellow circles, and new asphalt lots poured inside LSU in August and September
2004 colored in red.
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propane

silicone VOC

Figure 8: 8/18/04 plot 1, 30°25’11”N, 91°10’ 56”W

Figure 9: 8/18/04 plot 2, 30°25’03”N, 91°11’02”W
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Figure 10: 8/18/04 plot 3, 30°24’55”N, 91°11’06”W

Figure 11: 8/18/04 plot 4, 30°24’46”N, 91°11’10”W
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Figure 12: 8/18/04 plot 5, 30°24’41”N, 91°11’16”W

Figure 13: 8/18/04 plot 6, 30°24’49”N, 91°11’24”
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Figure 14: Headspace chromatogram of asphalt heated to 130° C on a GS-Q
column. Sample collected two months after asphalt was poured.

Figure 15: Headspace chromatogram of asphalt heated to 40° C on a GS-Q
column. Sample collected two months after asphalt was poured.
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Figure 16: Overlay of 100ppb C2-C6 alkene standard in red and asphalt
headspace in blue.
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Discussion
Initial testing appeared to show that the DSM Copolymer Plant and Shaw
Fabrications Plant, both upwind of the LSU ozone monitoring station, were the
culprits of an unidentified VOC.

However, samples taken between the plants

and LSU were relatively clear of the observed chemicals. Since fresh asphalt
was being poured around the LSU campus, it became a top suspect.
This compound present in the air during days of high heat and
corresponding to times of elevated ozone periods can be used as a flagging
chemical for the identified problem VOCs ethene, propene and other light
alkenes. Louisiana DEQ has identified these chemicals as ozone precursors. In
freshly poured asphalt headspace, these particular chemicals are present along
with the silicone peak. This compound has the greatest presence of all
compounds emerging from the semi-solid asphalt. Of course, this may just be
due to the detection elusiveness of chemicals as small as these light VOCs.
Non detection of these chemicals in the lower atmosphere with the Microfast may
not mean that they are not present, but that these lighter compounds react nearly
instantly or escape sampling and detection means. The presences of these ultra
light hydrocarbons are many times underestimated (Jiang 2004, Arriaga-Colina
2004). If the silicone marker does not contribute to the VOC/NOx reaction to
form ozone, then it should be looked at as red flag for associated VOCs that are
an integral part of the ozone creation process. This compound is perhaps not
quite as reactive as these lighter non-saturates, but it is detectable in areas
where asphalt could be a contributor to the ozone problem.

32

Ten millimeters of headspace from one ounce of two-month-old asphalt in
a four ounce Teflon capped glass sample jar heated to 40 degrees C contains
over 100ppb ethylene and propylene. The Louisiana Asphalt Association
instructs Asphalt to be heated to 190 degrees C for pouring. Since the boiling
point of highly reactive VOCs is extremely low, a significant amount of these
priority compounds could be cooked out of the road material in preparation for
application. This will create a powerful point source for ozone creation. This
immediate spike would be temporary, lasting for the time needed to cool asphalt
to environmental temperature, but weather conditions in the southern region can
become intense enough to cause this problem to extend throughout the ozone
season.
As extended proof of asphalt’s effect on ozone levels in the terrestrial
atmosphere, the ANOVA test comparing ozone before and after asphalt
construction proved that the increase observed is significant. This confirms that
the level of ozone increase after asphalt road introduction is a valid reason that
higher levels have been observed. Combined with the fact that these new
surfaces release precursor compounds for several months gives a chemical
reason for this significant observation to be valid.
One problem area in this experiment occurred when trying to use the
Microfast as a mobile detector. I believe the idling Honda generator could not
provide a stable electrical output. While listening to the generator, it is apparent
that sputters, stalls and choke problems are happening. Not even the DC power
source incorporated inside the GC PortaPack can keep a steady stream of clean
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electricity if it is in a constant brown out state. When looking for chemical levels
between 10 and 100 ppb, the electrical instability produces electrometer artifact
that covers up and confuses identification of chemical peaks through baseline
jumps and falls(see Figure 17). The action of generator based sampling is
unacceptable for chemical searching at such a minute quantity. In lab settings,
baselines are flat with a 10 milli volt change. With the generator as a power
source, the baseline has a variation of 400 milli volts(see Figure 18). Were the
VOCs that were looked for at a 100ppm and up level, then sampling without a lab
umbilical would be appropriate. Placing a chemical battery between the
generator and the GC could possibly solve this problem. The battery could
absorb spikes and deliver power during shortages exactly as a car’s electrical
system works. But this in point reduces the Microfast’s portability since another
piece of equipment would be needed for use outside the lab.
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Figure 17: 100ppb C2-C6 standard run while operating a Microfast inside a
moving vehicle.

Figure 18: 100ppb c2-C6 run on same day as previous figure, but with a
laboratory umbilical.
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Conclusion
This paper has presented evidence of a previously uninvestigated point
source for VOCs. More research should be conducted to investigate this subject
and to help determine the scale of contribution to pollution from asphalt VOCs.
While not the primary cause of ozone exceedence, asphalt certainly appears to
be an important factor to take into account when measuring ozone levels at a
station. Hydrocarbons from asphalt surfaces contribute a significant level of
ozone. Added on top of VOC emissions from the combustion engines of
personal vehicles, this influx of new photoreactive chemicals can push what
would not normally be a violation to an ozone exceedence day for both the 8hour and the 1-hour EPA standards. This could prove important in areas that are
already on the edge of receiving fines and penalties from the EPA for exceeding
ozone standards too many times. Since monitoring stations cannot be moved
during asphalt pouring, care should be taken to avoid paving surfaces when
levels are at their highest. Asphalt should not be poured during peak ozone
months. Time of year, time of day, temperature and other meteorological factors
should be assessed when pouring asphalt to help limit contribution to ozone
violations in an area. This could potentially prevent some violations, saving
some areas from exceeding the allowed ozone levels and the fines and penalties
that come with such violations.

36

References
Agilent, www.chem.agilent.com/Scripts/PDS.asp?lPage=1269
Agilent, www.chem.agilent.com/Scripts/PDS.asp?lPage=1271
Allen, D., Murphy, C., Yosuke, K., Vizuete, W., Jeffries, H., Kim, B., Webster, M.,
Symons, M., 2004, “Variable Industrial VOC Emissions and Their Impact
on Ozone Formation in the Houston Galveston Area.” Texas
Environmental Research Consortium Project H-13
Arriaga-Colina, J., West, J., Sosa, G., Escalona, S., Ordunez, R., Cervantes, A.,
2004,“Measurements of VOCs in Mexico City (1992-2001) and
Evaluation of VOCs and CO in the Emmissions Inventory.” Atmospheric
Environment, vol. 38, pp2523-2533
Calzavara, T., Carter, C., Axten, C., 2003, “Air Sampling Methodology fot Asphalt
Fume in Asphalt Production and Asphalt Roofing Manufacturing Facilities:
Total Particulate Sampler Versus Inhalable Particulate Sampler.” Applied
Industrial Hygiene, vol. 18, pp 358-367
Cetin, E., Odabasi, M., Seyfioglu, R., 2003, “Ambient Volatile Organic Compound
(VOC) Concentrations around a Petrochemical complex and a Petroleum
Refinery.” The Science of the Total Environment, vol. 312, no. 1, pp 112122
Chhikara, R., Spears, F., 1999, “Modeling of Ground-Level Ozone Using
Meteorological and Volatile Organic Compound (VOC) Measurements.”
1999 Annual Report, Environmental Institute of Houston
Couach, O., Kirchner, F., Jimenez, R., Balin, I., Perego, S., van den Bergh, H.,
2004, “A Development of Ozone Abatement Strategies for the Grenoble
Area Using Modeling and Indicators.” Atmospheric Environment, vol. 38,
pp 1425-1436
Finlayson-Pitts, B., Pitts, J., 1999, Chemistry of the Upper and Lower
Atmosphere, Academic Press
Flocas, H., Assimakopoulos, V., Helmis, C., 2003, “VOC and O3 Distributions
over the Densely Populated Area of Greater Athens, Greece.” Journal of
Applied Meteorology, vol. 42 pp 1799-1810
Hawas, O., Hawker, D., Chan, A., Choen, D., Christensen, E., Golding, G.,
Vowles, 2002, “Characterisation and Identification of Sources of Volatile
Organic Compounds in an Industrial Area in Brisbane.” 16th Int. Clean
Air Conf., Christchurch, New Zealand

37

Hooiveld, M., Burstyn, I., Kromhout, H., Heederik, D., 2002, “Quantitative Risk
Assessment of Lung Cancer after Exposure to Bitumen Fume.”
Toxicology and Industrial Health, vol. 18 pp 417-424
Hussam, A., Alauddin, M., Kahan, A., Chowdhury, D., Bibi, H., Bhattacharjee, M.,
Sultana, S., 2002, “Solid Phase Microextraction: Measurement of Volatile
Organic Compounds (VOCs) in Dhaka City Air Pollution.” Journal of
Environmental Science and Health, vol. A37, no. 7, pp 1223-1239
Jiang, G., Fast, J., “Modeling the Effects of VOC and NOx During the TexAQS
2000 Field Campaign.” Atmospheric Environment, vol 38, pp5071-5085
Kang, D., Aneja, V., Mathur, R., Ray, J., 2004, “Observed and Modeled VOC
Chemistry Under High VOC/NOx conditions in the Southeast United
States National Parks.” Atmospheric Environment, vol. 38, pp 49694974
Karakaya, A., Ates, I., Yucesoy, B., 2004, “Effects of Occupational Polycyclic
aromatic hydrocarbon exposure on T-Lymphocyte functions and natural
Killer cell activity in Asphalt and Coke Oven Workers.” Human &
Experimental Toxicology, vol. 23, pp 317-322
Kinney, P., Chillrud, S., Ramstrom, S., Ross, J., Spengler, J., 2002, “Exposures
to Multiple Air Toxics in New York City.” Environmental Health
Perspectives, vol. 110, supplement 4, pp 539-546
Klaassen, C., Amdur, M., Doull, J., 1996 Casarett and Doull’s Toxicology, The
Basic Science of Poisons, 5th Edition. McGraw-Hill
Lagzi, I., Meszaros, R., Horvath, L., Tomlin, A., Weidinger, T., Turanyi, T.,
Frerec, A., Haszpra, L., 2004, “Modeling Ozone Fluxes Over Hungary.”
Atmospheric Environment, vol. 38, pp 6211-6222
Ma, J., Rengasamy, Apavoo., Frazer, D., Barger, M., Hubbs, A., Battelli, L.,
Tomblyn, S., Stone, S., Castranova, V., 2003, “Inhalation Exposure of
Rats to Asphalt Fumes Generated at Paving Temperatures Alters
Pulmonary Xenobiotic Metabolism Pathways Without Lung Injury.”
Environmental Health Perspectives, vol, 111, no. 9, pp 1215-1221
Ma, J., Yang, H., Barger, M., Siegel, P., Zhong, B., Kriech, A., Castranova, V.,
2002, “Alteration of Pulmonary Cytochrome P-450 System: Effects of
Asphalt Fume Condensate Exposure.” Journal of Toxicology and
Environmental Health, vol. A65, pp 1247-1260
Manahan, S., 1999, Environmental Chemistry, 7th Edition, Lewis Publishers

38

Moreira dos Sontos, C., Azevedo, D., Neto, F., 2004, “Atmospheric Distribution of
Organic Compounds From Urban Areas Near a Coal-Fired Power
Station.” Atmospheric Environment, vol 38, pp1247-1257
NASA, Chemistry in the Sunlight. Earth Observatory Library,
http://earthobservatory.nasa.gov/Library/ChemistrySunlight/chemistry_sun
light3.html
Pankow, J., Luo, W., Bender, D., Isabelle, L., Hollingsworth, J., Chen, C., Asher,
W., Zogorski, J., 2003, “Concentrations and Co-Occurrence Correlations
of 88 Volatile Organic Compounds (VOCs) in the Ambient Air of 13 SemiRural to Urban Locations in the United States.” Atmospheric Environment,
vol. 37, pp 5023-5046
Ryerson, T., 2001, Advancing the Understanding of Ground-Level Ozone
Pollution. Aeronomy Laboratory, NOAA
Sather, M., 2000, “Analysis of Ozone and Ozone Precursor Trends from the
Photochemical Assessment Monitoring Stations (PAMS) in the South
Central US.” Presented at the 93rd Annual AWMA Meeting in Salt Lake
City, June 2000
Sather, M., 2001, “Spatial Analysis of Ozone and Ozone Precursors from the
Photochemical Assessment Monitoring Stations (PAMS) in the South
Central US.” Presented at the AWMA’s 94th Annual Meeting, June 24-28,
2001, Orlando
Sather, M., 2000, “Early Characterization and Trends Analysis of Certain Volatile
Organic Compound (VOC) Ozone Precursors from the Photochemical
Assessment Monitoring Station (PAMS) in the South Central US.”
Presented at the International Toxics Symposium in RTP, September,
2000
Sather, M., Kemp, M., 1998, “Initial Detailed Trends and Ozone Episode
Analyses of Photochemical Assessment Monitoring Stations (PAMS) Data
from Baton Rouge, Louisiana.” Presented at the AWMA’s Intermational
Symposium on the Measurement of Toxic and Related Air Pollutants,
September 1-3, 1998, Cary, North Carolina
Sather, M., Kemp M., 1998, “Analysis of Ozone Precursor Data from Baton
Rouge, Houston, El Paso, and Dallas.” Presented at the AWMA’s 91st
Annual Meeting, June 14-18, 1998, San Diego

39

Sather, M., Kemp, M., Yarbrough, J., Kinsella, C., Vanichchagorn, M., Hazlett, J.,
1997, “Analysis of 1995 Special Volatile Organic Compound Data in the
South Central US.” Presented at the AWMA’s 90th Annual Meeting &
Exhibition, June 8-13, 1997, Toronto, Ontario, Canada
Sillman, S., 1999, “The Relation Between Ozone, Nox and Hydrocarbons in
Urban and Polluted Rural Environments.” Atmospheric Environment, vol.
33, pp 1821-1245
Szaniszlo, J., Ungvary, G., 2001, “Polycyclic Aromatic Hydrocarbon Exposure
and Burden of Outdoor Workers in Budapest.” Journal of Toxicology and
Environmental Health, vol. A62, pp 297-306
Tsai, J., Chiang, H., Hsu, Y., Weng, H., Yang, C., 2003, “The Speciation of
Volatile Organic Compounds (VOCs) from Motorcycle Engine Exhaust at
Different Driving Modes.” Atmospheric Environment, vol. 37, pp 24852497
Quin, Y., Tonnesen, G., Wang, Z., 2004, “One-Hour and Eight-Hour Average
Ozone in the California South Coast Air Quality Management District:
Trends in Peak Values and Sensitivity to Precursors.” Atmospheric
Environment, vol. 38, pp 2197-2207
Zhao, H., Yin, X., Frazer, D., Barger, M., Siegle, P., Millechia, L., Zong, B.,
Tomblyn, S., Stone, S., Ma, J., Castranova, V., Ma, J., 2004, “Effects of
Paving Asphalt Fume Exposure on Genotoxic and Mutagenic Activities in
the Rat Lung.” Mutation Research, vol. 557, pp 137-149
Zhao, W., Hopke, P.,Karl, T., 2004, “Source Identification of Volatile Organic
Compounds in Houston Texas.” Environmental Science & Technology,
vol 38,no. 5, pp1338-1347

40

VITA
Sean Kice was born in Houston, Texas, on May 31, 1977. As a child his
family moved to New Orleans, Louisiana, where he attended Brother Martin High
School and graduated in 1995. After graduation he moved to Hattiesburg,
Mississippi, to attend the University of Southern Mississippi, and ultimately
obtained a Bachelor of Science in environmental biology in 1999. Sean then
moved to Baton Rouge, Louisiana, to work on a Master of Science degree in
environmental toxicology. While earning this degree, he worked as an
environmental consultant for Gulf Engineers and Consultants.

41

